Aim: The aim of this study was to determine the predictors for choroidal neovascular membrane formation and visual outcome after blunt ocular trauma. Methods: Retrospective review of electronic medical records of patients with blunt ocular trauma from January 2013 to December 2016 at Narayana Nethralaya Super Speciality Eye Hospital (Bangalore, India) was done. Cases with positive macular findings were enrolled. Data such as age, sex, laterality, mode of injury, presenting and final vision, follow-up duration and retinal findings were noted. Results: A total of 853 cases were referred to the retina clinic with history of blunt ocular trauma. Of which, 37 cases with positive macular findings were identified. Trauma with ball (18/37, 49%) was the most common mode of injury. Choroidal rupture was seen in 33 (89%) eyes. Other retinal findings noted were as follows: retinal haemorrhages (11%), commotio retinae (22%), submacular haemorrhage (43%), macular hole (11%), epiretinal membrane (3%), macular scar (8%) and vitreous haemorrhage (4%). Choroidal neovascular membrane was noted in 6 (16%) out of 37 eyes. No retinal findings showed any positive association with choroidal neovascular membrane formation. Using Pearson's correlation test, independent variables such as presenting visual acuity (r = 0.601, p = 0.000) and choroidal neovascular membrane formation (r = -0.356, p = 0.031) showed a strong correlation with final visual acuity.
Introduction
Ocular trauma constitutes an important cause of preventable visual morbidity worldwide. Eye trauma can be really devastating, causing disability for a lifetime in people, especially belonging to the younger age group. Ocular trauma events can lead to a variety of posterior segment abnormalities. Posterior segment abnormalities causing vision loss may be due to retinal detachment, vitreous haemorrhage, traumatic macular holes, traumatic optic neuropathy and choroidal neovascular membrane (CNV) formation. The extent of the visual impairment varies from mild to severe depending on the extent and location of damage.
CNV can occur in nontraumatic ocular diseases such as age-related macular degeneration, angioid streaks, photocoagulation scars, pathologic myopia and posterior uveitis. The new vessels in CNV lack endothelial tight junctions and may cause exudation, haemorrhage and serous retinal detachment. The scarring and atrophy that follow may cause irreversible visual morbidity. One of the common risk factors identified for the development of CNV following ocular trauma is choroidal rupture (CR). 1 Approximately 5-10% of eyes with CR develop CNV that may cause delayed visual loss. [2] [3] [4] As of date, the largest series of 111 eyes with traumatic CR was published by Ament and colleagues. 5 In 111 eyes of patients having blunt ocular trauma and CR, they found the rupture location and poor presenting visual acuity (VA) were independently associated with visual outcome. Of the 12 patients diagnosed with CNV, 5 were not treated, 4 were treated with argon laser photocoagulation, 1 was treated with surgery, 1 was treated with argon laser photocoagulation followed by surgery and 1 was treated with verteporfin photodynamic therapy (PDT). Secretan and colleagues 6 reviewed 79 eyes of 79 patients diagnosed with indirect CR at one tertiary referral centre. Of which, 16 (20%) eyes developed CNV. Secretan and colleagues 6 observed that ruptures located closer to fovea were significantly more likely to develop neovascularisation than ruptures located peripherally (1500 μm from the foveal avascular zone). Also, longer ruptures (4000 μm), independent of location, predisposed to the development of neovascularisation. The rupture width was not found to be significant. Initial VA found no relation with final visual outcome. In 82% of the patients, neovascular lesions developed during the first year. Based on the findings, it was recommended that extrafoveal membranes be treated with photocoagulation and that subfoveal membranes be observed. Secretan and colleagues 6 stated that patients with subfoveal neovascular membranes had an average final VA of 0.18 (20/111). They quoted two published series 3, 7 in which lesions regressed spontaneously. Previous published literature regarding the treatment of post-traumatic CNV had taught that they could be observed because of a higher likelihood to regress spontaneously. Of 17 untreated cases reported in 7 case series, 2, 3, [8] [9] [10] [11] [12] only 5 patients (29%) recovered VA to better than 20/50.
The last big series of CNV in ocular trauma was published more than a decade ago. Treatment of CNV following ocular trauma has evolved in the last few years with few reports of treatment for post-traumatic CNVs with intravitreal anti-vascular endothelial growth factor (VEGF) therapy being published. 13, 14 The purpose of our study was to evaluate the possible risk factors for post-traumatic CNV development, to look at the treatment outcomes and also to describe the potential predictors for final visual outcome independent of CNV formation.
Methods
After obtaining the permission from the Institutional Review Board (IRB) of the Narayana Nethralaya Super Speciality Eye Hospital (Bangalore, India; ECR/187/Inst/Kar/2013/ RR-16), patients diagnosed with blunt ocular trauma were identified using a computerised diagnosis code search. Only patients with positive retinal findings at the macula were included in the study. These patients presented to the retina clinic between January 2013 and December 2016. Blunt ocular injuries were classified as external, anterior segment or posterior segment based on the classification devised by Pieramici and colleagues. 15 Intraocular foreign body cases were excluded from the study. The location of the CNV or CR was classified into four groups: (1) extrafoveal -located >200µm from the centre of the fovea; (2) juxtafoveal -located 1-199 µm from the centre of the fovea; (3) subfoveallocated underneath the fovea; and (4) peripapillary -surrounding the optic nerve head.
A total of 853 patients of blunt ocular trauma were evaluated during the study period; 37 eyes of 37 patients with positive macular findings were identified and further analysed. Medical records and fundus photographs, and fluorescein angiography and optical coherence tomography (OCT) in select cases were reviewed. The following data were extracted from each case record: (1) age, (2) sex, (3) mode of injury, (4) presenting and final visual acuities, (5) presence and location of CR and (6) presence of other retinal findings such as intraretinal haemorrhage, commotio retinae, subretinal bleed, epiretinal membrane, macular hole, scar, CNV formation, vitreous haemorrhage and optic disc pallor. CRs were classified into type 1 or 2 as described by Nair and colleagues. 16 Since CNV was a rare outcome (N = 6), multivariate analysis was judged to be inappropriate. Instead chi-square test was used to identify factors that may be associated with CNV formation. Pearson's correlation test was used to identify factors showing significant correlation with final VA. A p-value less than 0.05 was considered to be statistically significant.
Results
In this retrospective study, 853 eyes with prior history of blunt ocular trauma were identified during the study period. Of which, 37 eyes of 37 patients with positive macular findings were further evaluated. CR and subretinal haemorrhage (SRH) were seen in 33 and 16 eyes, respectively. Other retinal findings noted at the macula were commotio retinae in eight eyes, CNV in six eyes, intraretinal haemorrhage and macular hole in four eyes each, and epiretinal membrane and optic disc pallor in 1 eye each. The segregation of eyes with blunt ocular trauma and retinal findings is depicted in Figure 1 . Demographic, VA and incidence of different retinal findings of these cases are mentioned in Table 1 . Table 2 depicts the differences in eyes with and without traumatic CNV. Eyes with CNV had a poorer presenting VA compared with eyes with no CNV. None of the retinal findings showed any association with CNV development. CR was noted in four eyes with traumatic CNV. Pearson's correlation test was used to study the correlation of final VA in eyes with CNV following blunt ocular trauma with individual retinal findings. It was noted that independent variables such as presenting VA (r = 0.601, p = 0.000) and presence of CNV (r = -0.356, p = 0.031) showed a strong and statistically significant correlation with the final visual outcome (Table 3) . Description of individual cases with traumatic CNV is given in Table 4 , and Figure 2 shows the case of post-traumatic CNV in a 23-year-old boy (Case 2).
Discussion
Our study was designed to identify the prevalence, clinical profile and risk factors which could lead to CNV formation in patients with blunt ocular trauma. In addition, we aimed to look at the risk factors which would predict the final visual outcome in such patients.
In our study, CR was the most common retinal macular finding noted occurring in 33 of the 37 eyes in patients with blunt ocular trauma. CRs were commonly seen at location <200 µm from the centre of the fovea (22, 66%) in comparison with ⩾200 µm from the centre of the fovea (4, 12%). Eleven (33%) of the CRs were peripapillary in location. CNV formation was noted in 4 of the 33 (12%) eyes with CR. The CRs in these eyes were juxta-or subfoveal in location. On OCT, 11 (33%) eyes had type 1 CRs and 7 (21%) eyes had type 2 rupture. In 15 (45%) eyes, the scans were not passing through the area of CR. 2, 3, [8] [9] [10] [11] [12] are smaller case series. Both the groups concluded that ruptures which were closer to the fovea have a higher likelihood for CNV development compared with eyes with ruptures away from the fovea. Our results support a similar finding where CNV formation occur more commonly in eyes with CRs <200 µm from the centre of the fovea. Secretan and colleagues also found a shorter median rupture length in eyes that did not develop CNV (median rupture length = 3054 μm) as compared with those that did (median rupture length = 4504 μm) (p = .03). In our study, we did not find CNV formation to be associated with the presence of CR (Pearson's chi-square value = 3.768, p = 0.052). However, the likelihood of Traumatic CNVs commonly occur in the central retina. The physiologic basis of the increased susceptibility of the central retina for traumatic CNV compared with the peripheral retina is a subject of research. There are many factors that might explain the physiologic basis of this observation. Angiogenesis is thought to be a result of an imbalance between the proangiogenic and antiangiogenic cytokines that are secreted in response to cellular injury. Other significant differences between the central and peripheral retina are hydrostatic and oncotic pressure gradients, blood flow, and retinal pigment epithelial and neural architecture which may contribute to the proangiogenic features of the macula. [17] [18] [19] [20] [21] [22] [23] [24] In eyes with CRs, retinal breaks and retinal detachment are commonly noted with peripheral CRs compared with macular ruptures. This may explain the overall poor visual outcome following ocular trauma.
Subretinal haemorrhage (16/37) was the second most common retinal macular finding noted in patients with ocular trauma. All eyes with SRH had associated CR. However, CNV was identified in only one eye with SRH. It is possible that the presence of CNV was masked by the overlying SRH. Therefore, it is important to wait for resolution of SRH to identify the underlying CNV or CR. One case with SRH underwent pneumatic displacement with 0.3cc of 100% SF6 (sulphur hexafluoride) following which underlying CNV was noted. Other positive retinal findings noted in the study were presence of commotio retinae (8, 22%), intraretinal haemorrhages (4, 11%), macular hole (4, 11%), epiretinal membrane (1, 3%), scar (3, 8%), and optic disc pallor (1, 3%). None of these retinal findings showed any causative association with CNV formation.
In our study, we found eyes with traumatic CNV formation had a poorer presenting VA (p = 0.035) and longer follow-up (p = 0.009). The poor presenting VA in our cases of CNV was mainly due to the sub-or juxtafoveal location of the CR. Most CNV formation occurs in less than 1 year following ocular trauma (mean = 230 days). The Table 4 . Cases with CNV.
No. average follow-up duration in eyes without CNV formation was 173 days compared with eyes with CNV formation which was 515 days. Thus, we recommend regular and shorter follow-up intervals at least for a minimum 1 year period following trauma to identify the CNV early.
Age/ sex
Choroidal neovascular membranes may be treated with observation, pharmacotherapy, surgery, photocoagulation or PDT. According to our analysis of published pooled case series, 2, 3, [8] [9] [10] [11] [12] the natural history of untreated CNV is poor. In a study by Ament and colleagues, 5 none of the 5 untreated eyes regained VA of better than 20/100. No patients in our series underwent treatment with laser photocoagulation, PDT or submacular surgery. We treated all our cases with intravitreal anti-VEGF (bevacizumab) therapy. The mean number of intravitreal injections required was 1.5 (range = 1-3). Five of the six eyes with CNV regained >2-line vision following anti-VEGF therapy. One eye with no improvement in VA following treatment had optic disc pallor (case 5). We suggest that since visual outcomes following observation alone are poor, therapy must be instituted. Treatment with intravitreal anti-VEGF seems to be an effective option in obtaining optimal functional and anatomic outcomes and also avoids the complications following laser photocoagulation or PDT or with surgery.
Guidelines for treatment with photocoagulation are extrapolated from the Macular Photocoagulation Study Group 7 data. Extrafoveal lesions that fit the Macular Photocoagulation Study Group criteria should be treated with laser photocoagulation. However, the majority of post-traumatic membranes were subfoveal, making laser photocoagulation a less attractive treatment option. Other treatment modalities which could be considered for subfoveal CNVs are use of submacular surgery or PDT. Guidelines for treatment with submacular surgery may be extrapolated from the studies published by Bressler 25 and Hawkins and colleagues. 26 However, their results were not very encouraging. PDT is an accepted form of treatment for subfoveal CNV other than age-related macular degeneration. 27 Mennel and colleagues 28 reported a case of post-traumatic CNV successfully treated with PDT and indocyanine green feeder vessel laser photocoagulation. In our series, none of the eyes were treated with PDT or submacular surgery.
Our study had the advantage of being one of the largest series of ocular blunt trauma cases being evaluated for macular retinal findings and CNV formation. Though there were a few anecdotal case reports describing the utility of intravitreal anti-VEGF injections for traumatic CNVs, this study was the largest case series in the current decade describing the treatment outcomes with intravitreal anti-VEGF therapy. However, this study also had a few limitations. Ours was a retrospective study; therefore, complete records and relevant photographs were not available for all of the patients at all visits. We included all cases with ocular trauma with no minimum follow-up duration. The study was underpowered to identify risk factors for CNV and retinal detachment using regression analysis. Morphometric analysis of CR was not performed in our study.
To conclude, the prevalence of CNVs following ocular trauma in eyes with positive macular findings is 16% and about 12% in eyes with CR. Eyes with poor presenting VA and presence of macular CR or SRH are at a high risk of CNV development. Most post-traumatic CNVs occur within 1 year of the injury. Hence, regular follow-up at shorter intervals for longer durations is necessary to identify posttraumatic CNVs early. Pharmacotherapy with intravitreal anti-VEGF therapy seems to be an effective treatment option for post-traumatic CNVs.
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